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Laboratory Data Usability

Historic Analytical Data

Historical data for this site was obtained and evaluated for usability. Two criteria

were used for judging usability. First, laboratory reports (if available) were evaluated. Data
supported by laboratory quality control data were considered usable and of known quality
unless the review of the data revealed a reason to reject the data due to quality control
issues. Second, data was considered usable if no laboratory quality control data was
available, but the data had been reported previously to and reviewed by USEPA.

RI Analytical Data

All analytical data collected to date has been validated following the process outlined in the
QAPP. The review of the analytical data was performed in accordance with USEPA National
Functional Guidelines and SW846 methodology. Twenty-six soil sample delivery groups and
fifty-two water sample delivery groups were evaluated.

Soil samples were analyzed for the following: VOCs by EPA SW846 Method 8260B, SVOCs
by SW846 Method 8270C, Pesticides by SW846 Method 8081B, PCBs by SW846 Method 8082,
metals by SW846 Method 6010B, hexavalent chromium by SW846 Method 7196, mercury by
SW846 Method 7471, ammonia by EPA Method 350.2, total organic carbon by SW846 Method
9060, and cyanide by SW846 Method 9012. ‘

Water samples were analyzed for the following: VOCs by SW846 Method 8260B, SVOCs by
SW846 Method 8270C, Pesticides by SW846 Method 8081B, PCBs by SW846 Method 8082,
metals by SW846 Method 6020, ammonia by USEPA Method 350.2, inorganic arsenic
speciation (Arsenic Il and V) by SW846 Method 7063, organic arsenic speciation (DMA and
MMA) by SW846 Method 6800, and total kjeldahl nitrogen by EPA Method 351.2..

Quality control criteria that were evaluated for all'samples include the following as
appropriate for each analytical method: laboratory blanks, field blanks, field duplicates,
laboratory duplicates, laboratory control samples, matrix spikes and matrix spike duplicates
(MS/MSDs), initial and continuing calibrations, instrument tuning,internal standards, .
surrogates, confirmation, degradation, holding times, and sample preservation.

An overall evaluation of the data indicates that the sample handling, shipment, and analytical
procedures have been adequately completed, and that the analytical results should be
considered accurate. The analytical data had minor quality control concerns; however, it did
not affect data usability for those specific results. The validation review demonstrated that the
analytical systems were generally in control and the data results can be used in the decision
making process. Data management procedures included the phases described below.




Loading verified EDD into the project database
Resolving any data loading issues
Creating a post load report for content review

Notifying the project chemist when EDDs are available in EIM for validation

Data Verification and Validation

The data verification/ validation phase includes the following:

Verifying and validating data according to project specifications and QAPP

Inserting appropriate data qualification flags and final results into the database as
required by the validation level

Rejecting or excluding those results that are redundant or unusable duplicates
Generating a data verification/ validation report

Submitting the report to the project database manager, field team leader, and project
files

Data Visualization and Analysis

The data visualization and analysis phase includes the initial data review by the project
team and the production of data queries and draft reports to dissect and digest the data.
This phase was accomplished through the use of query tools and preformatted reports in
EIM. '
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CHARACTERIZATION OF CINDER/ASH AND REDDISH-PURPLE SOILS

associated with the temporary monitoring wells were to be installed at shallower depths
such that the screens were just below the water table (5-6 feet bgs). This was attempted at
location TWP-SB-33, however, the length of the well screen, the limited hydraulic
conductivity of the saturated soils and the inability to create a significant hydraulic head
variance between the shallow well and the adjacent formation resulted in very low recharge
rates. As a result, purging and sampling at this location took approximately 10 hours. As a
result the remainder of the temporary well points were installed to slightly greater depths
that were no deeper than approxunately 5.5 feet below the water table.

Following installation each temporary well was sampled using a peristaltic pump and
disposable polyethylene tubing in accordance with USEPA Region II Low Flow protocol.
Field parameters (pH, temperature, conductivity, dissolved oxygen, oxidation-reduction
potential, and turbidity) were measured using a flow through cell coupled with a YSI 556
Multiprobe System and a Lamotte 2020 turbidity meter.

Following stablhzatlon of the field parameters a field-filtered groundwater sample
(preserved with nitric acid) and non-field- filtered (non-preserved) groundwater sample was
collected at each location prior to the flow-thru cell. Groundwater samples were.
immediately place on ice and sent to Accutest Laboratory via laboratory courier under
executed chain-of-custody forms. Both field-filtered and non-field-filtered samples were
analyzed for arsenic via USEPA Methods SW6020. A summary of the screened intervals for
each temporary well, the groundwater samples-collected as part of this field event as well as
the data quality objectives for each groundwater sample are summarized in Table 2.
Temporary well construction details for those points where groundwater samples were
collected for arsenic are also provided in the boring logs included herein as Appendix A. A
summary of the field parameter readings following stabilization and prior to sampling as
are summarized in Table 3.

Deviations from the Wofk Plan

This section describes those activities or procedures that were not performed in accordance
with the Work Plan. In addition, this section also provides details on work that was
performed above and beyond the scope of the Work Plan in the hopes of enhancing the
characterization of the cinder/ash and reddish-purple soils.

* SB-34 on the former Lever Brothers: Eight attempts were made to drill to a depth
that corresponded with the native materials. Due to repeated drilling refusals
believed to be caused by the presence of the building demolition debris (i.e. concrete,
and brick) that was graded in place at this location, a depth of no greater than 5 feet
below ground surface (bgs) could be reached. As a result saturated soils were not

_encountered. The three locations where one or more attempts were made to get
down in this area are illustrated on Figure 1 as SB-34A, SB-34B, and SB-34C. Slag was
detected in the unsaturated fill material above and within this debris at location SB-
34C. This material was sampled in accordance with the Work Plan. A boring log for
SB-34C with associated photographs is provided in Appendix B.

- - SB-35: Although the soil boring log from MW-109 (GeoSyntec, 1999) indicated the
presence of “cinders” from the ground surface to 18 feet bgs no cinders, slag, ash,
coal or reddish-purple soils (targeted materials) were observed in either of the 2
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borings drilled within 15 feet of MW-109 to depths of 15 feet bgs each. Each boring
was located within at least 17 feet of MW-109 and was advanced to a depth of 15 feet
bgs. The locations of these borings are illustrated on Figure 1 as SB-35A and SB-35B.
Both borings were found to contain almost identical lithology. A boring log for SB-
35A with associated photographs is presented in Appendix B.

e SB-37: No cinders, slag, ash, coal or reddish-purple soils (targeted materials) were
observed above the water table; therefore, no vadose zone soil sample was collected.
A saturated sample of reddish-purple soils also containing slag was collected from
this location.

e Due to the absence of targeted materials in the observed soils at SB-35A and SB-35B
reconnaissance of the eroding shoreline adjacent to the Hudson River was performed
to see if an understanding of the composition of these fill materials could be -
ascertained from the cut banks along the river. Inspection of the materials within
and adjacent to the eroding banks approximately 75 to the east of MW-109 and
continuing to the north to the boundary with the 115 River Road revealed the
presence of an abundance of vesicular glassy slag material as well as pieces of hard
asphaltic material intermixed within the eroding fills and present along with gravel
and cobbles on the adjacent shoreline. After soliciting and receiving approval from
David Winslow of GZA Environmental of New York, a sample of the glassy slag
material was taken (SLG-01) by collecting several pieces of the slag immediately
adjacent to the eroding bank, crushing them, placing the material in the appropriate
sample jars. Similar to other samples SLG-01 was placed in a cooler with ice and
couriered under standard chain-of-custody protocol to Accutest Laboratory for the
analysis of TAL metals via USEPA Methods 6010B and 74704, and for TOC content
using USEPA Method SW846 9060. The leachate from this sample was also analyzed
for TAL metals via USEPA Methods 1312/6010B and 7470A using the SPLP. Several
intact pieces of the glassy slag (not crushed) were also sent to Mineralogy, Inc. for
further analysis using x-ray diffraction (XRD) (bulk & clay fraction) and Thm Section
Petrography.

This sample was not specified in the Work Plan, but was collected to examine the
correlation, if any, between the surficial slag material on the northern shoreline of
the former Lever Brothers property and any other of the targeted soils collected
during this investigation. The approximate location of where this sample was
collected is illustrated on Figure 1. Photographs of the shoreline area and the
sampled glassy slag material are included in Appendix B.

Results

Field Observations

Of the nine (9) locations that were drilled as part of this investigation all but 2 locations
contained at least one interval of fill with slag. Commonly, the fill material containing slag
‘was observed as brown to black sands and gravels with trace amounts of silt sometimes
containing crushed brick and coal fragments. The observed thickness of these intervals
ranged from 0.7 feet at SB-34C to 11 feet at SB-30. Slag material ranged in size from several
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millimeters to greater than 1-inch in diameter and were amorphous, glassy grey to reddish-
brown particles with an abundance of vesicles. These fill deposits were typically found
directly above the native deposits consisting of clayey silt with organics (meadow mat) that
represent the surface of the former tidal wetlands. Soft plastic tar was also present within
these fill deposits and above the native meadow mat deposits at SB-29, SB-30, and SB-31.
Non-aqueous phase liquid (NAPL) was also observed in the soil above the meadow mat
from 10 to 12 feet at SB-30. Pictures of these materials in context of their boring logs are
provided in Appendix B.

Reddish—purple soils were observed at 3 locations drilled in the northwest portion of Quanta
property (SB-36, SB-37, and SB-38). The soils at SB-36 were observed as very dusk red, dry,
dense fine to coarse sand with trace gravel, mottled with pale yellow and pockets of
homogeneous fine to coarse yellow crystals. At SB-37 and SB-38 the soils were dusky red to
dark red, saturated, loose coarse sand and gravel. Split samples of the materials at SB-38
were washed to remove the fines in order to better inspect the sand and gravel sized
particles. The washed gravels were reddish-purple and grey with trace light brown and pale
yellow gravel-sized particles. The dusky red horizons were encountered between 1.2 (SB-36)
and 3.9 feet bgs (SB-37) and ranged in thickness from 1.1 feet at SB-37 to 5.6 feet at SB-38.
Dusky red soils graded with depth to brown and black fill consisting of fine to coarse sand
and gravel with trace brick, coal and slag. These deeper brown and black fills were similar
to those see at locations drilled at the other properties as part of this work (see above) and
similarly were found residing directly above the native meadow mat deposits. At the base
of the dusky red interval and just above where the soils graded to brown and black fills a 0.5

to 1 foot interval of white to pale brown silt-like material (possibly gypsum) was observed at

SB-36 (5 to 6 ft. bgs) and SB-38 (7.5 to 8 ft. bgs). NAPL was also observed at approximately 8
to 9 feet bgs above the meadow mat at SB-38. Pictures of the materials observed and

. sampled at each'of these locations and the boring logs for each location are provided in

Appendix B.

Mineralogy

Samples of fill material containing slag as well as the reddish-purple soils as described
above were analyzed using XRD and Thin Section Petrography. A summary of the samples
collected and analyzed for XRD and Thin Section Petrography is provided in Table 1. XRD
analyses covered both the bulk & clay fractions in order to provide a semi-quantitative
assessment of the mineralogy of each sample that included the characterization of
individual clay mineral species. A summary of the XRD results for all samples and a soil
description for each of the intervals are provided in Table 4. Thin Section Petrography isa
transmitted light, optical microscopy descriptive technique that characterizes the
mineralogy as a function of sediment texture and fabric. These analyses were performed in
order to better understand the mineralogical characteristics and signatures of slag-
containing fills and reddish-purple soils across the study area, and to determine, if any,
what similarities exist between the two. A copy of the report provided by Mineralogy Inc.
containing photographs of the thin section plates for each sample as well as narratives
describing the fabric, framework grain constituents, cements and matrix constituents and
the pore systems observed for each plate is provided herein as Appendix C.
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XRD results from the majority of the samples collected indicated appreciable amounts of
quartz and amorphous material with an absence of crystalline structure (glass). Samples of
the black fill materials containing slag are between 30 and 60 percent amorphous glass with
lesser amounts of quartz, feldspars, and mullite. Mullite comprises between 5 and 24
percent of these samples and is an aluminum silicate mineral that is produced artificially
during heating. The dominance of amorphous material and mullite within these soils
confirm that they have an abundance of glassy slag. Consistent with this assertion are the
results from the sample of slag collected from the northern shoreline at the former Lever
Brothers property (SLG-01) where mullite (19%) and amorphous glass (73%) make up 92
percent of this sample.

Slag is a byproduct of the smelting of ores and was a common material that was used in rail
road track ballast and appears to have been a major component of the fill that was used in
this area during the development of rail lines and initial industry along the banks of the
Hudson River.

Samples of the reddish-purple soil intervals observed at SB-36, SB-37, and SB-38 had notably
lesser amounts of amorphous material (between 10 and 20 percent) and mullite (not present
to 3 percent). Also distinguishing these samples from those collected elsewhere are their
elevated hematite content (up to 77 percent) as well as varying amounts of pyrite, jarosite,
gypsum, and in one case, sulfur (SB-36-1.7).

Further evaluation of the samples using Thin Section Petrography shows the grain
constituents of the black slag-rich fill consist of black glass and iron-rich slag fragments with
common inclusions of mullite crystals, plutonic rock fragments, quartz, feldspar, bitumen
(asphalt and/ or coal tar) and recycled concrete fragments. The intergranular cements of
these soils are dominated by hematite (iron oxide) and bitumen which in some cases
marginally encrust the slag particles and rock fragments. The exceptions to this are the
samples collected at SB-34C and SLG-01, neither of which indicated the presence of bitumen
but where hematite did occur as a minor cement type that encrusted the slag particles and
was present as pore-lining cement within selected gas-entrapment voids associated with the
slag particles.

The samples collected from intervals of reddish-purple soils show similar grain constituents
comprising their framework as those observed in the black slag-rich fills. Grain constituents
for these samples were dominated by black glass and iron-rich slag fragments with iron-
oxide fragments, quartz, and feldspar. Mullite crystals were not observed in the thin
sectioris of reddish-purple soil samples and plutonic rock fragments and bitumen were less
abundant than in the black slag-rich fills. SB-38-2.5 also showed the presence of gypsum-rich
rock fragments. In general, the dominant intergranular cement is hematite with varying
amounts of pyrite and jarosite. Pyrite (FeS;) and jarosite (KFe3(SO4)2(OH)a) are also_present
as secondary void-filling cement associated with selected slag particles. Bitumen is present
in select samples from above and below the reddish-purple soil intervals as widespread
staining (SB-36-1.0), and as discrete particles encrusting the slag fragments (SB-38-9.5).
Bitumen was only observed in one reddish-purple soil interval sample as an intergranular
cement (SB-36-1.7). The two deepest samples collected from SB-38 (SB-38-5.4 and SB-38-9.5)
also showed amounts of gypsum was present as an intergranular cement or as a void filling
cement associated with the hematite dominated slag fragments.
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Samples not visually identified in the field as containing slag or having a reddish-purple
color (SB-29-1.9, SB-29-6.7, SB-30-2.5, SB-36-1.0, and SB-38-9.5) were identified through XRD
and Thin Section Petrography to contain significant quantities of glass and mullite-rich slag
fragments. Samples SB-36-1.0, SB-36-6.3, and SB-38-9.5 were found immediately above or
below intervals of reddish-purple soil and showed the effects of their proximity to these
intervals in their mineralogical composition and structure. Specifically, these samples
contained between 1 and 8 percent jarosite and SB-36-1.0 also had 1 petcent pyrite. The
absence of the reddish-purple coloration is likely a result of the lack of hematite which
‘ranged from undetectable amounts at SB-38-9.5 to 5 percent at SB-36-6.3.

Analytical Results

The laboratory analytical sample splits were collected as part of the approved Work Plan for
the analysis TAL metals using USEPA Methods 6010B and 7470A, and TOC content using
USEPA Method SW846 9060. The leachate from unsaturated soil samples was also analyzed
for TAL metals via USEPA Methods 1312/6010B and 7470A using SPLP. A summary of the
laboratory analytical analyses performed for each sample is provided in Table 1. Summaries
of laboratory analytical results are provided in Tables 5A: through 5D. A figure depicting the
analytical results for soil samples collected as part of the Work Plan is provided as Figure 2.
As part of data gaps and Data Quality Objectives set forth in the Proposed Scope of Work -
Supplemental Data Gap Sampling (CH2M HILL, March 22, 2007) (RI Addendum No. 2)
select samples from borings SB-28, SB-29, and SB-30 were analyzed for SVOCs using USEPA
Method 8270 and one sample from SB-30 was analyzed for VOCs using USEPA Method
8260. Soil data for VOC and SVOC analyses are presented in the data tables contained -
herein (Tables 5C and 5D) but are discussed under separate cover.

For the purpose of evaluating analytical differences between samples compr1sed of black
slag-rich fill and the reddish-purple soils the results for each of these sample sets are
discussed below separately.

Black/Brown Slag-Rich Fills

A total of 6 samples from outside the historically mapped footprint of the former acid plant?
were visually identified in the field as brown to black fills containing slag (SB-28-3.4, SB-28-
6.3, 5B-30-9.5, SB-31-1.1, 5SB-31-6.0, SB-34-1.3). Three additional samples were collected from
brown to black fill intervals where slag was not visually identified at the time of sampling
(5B-29-1.9, SB-29-6.7, SB-30-2.5). Despite the fact that slag was visually observed in only 6 of
these 9 samples from across 6 locations, XRD and petrographic analyses showed that all 9
contained an abundance of glass-rich slag fragments. Additional intervals of brown/black
fill material are also represented by samples SB-36-1.0, SB-36-6.3, and SB-38-9.5 however,
XRD and Thin Section Petrography results for these samples showed similarities in their
mineralogical composition and structure to the reddish-purple soils. This is due to the fact
that they were found within the soil column directly above or below intervals of reddish-
purple soil. Because these soils were located immediately adjacent to intervals of reddish-
purple soil within the footprint of the former acid plant operation and have evidence of
impacts associated with the reddish-purple soils these samples have not been included in

2The extent of the footprint of the former acid plant has been approximated from historical insurance maps (Sanborn® Fire
Insurance Maps for 1911 and 1930, and a 1958 Insurance Map of the General Chemical Plant).
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the data set that represents the ubiquitous brown/black fill deposits across each of the
properties.

Results for the 9 samples of slag-rich black/brown fill collected from Block 93 (North), the
Former Lever Brothers property showed exceedances of the lowest of the industrial and
residential USEPA Region 9 Preliminary Remediation Goals (PRGs) and NJDEP Soil
Cleanup Criteria for antimony, arsenic, copper, iron, and lead. The minimum, maximum,
and geometric mean concentrations of metals for these 9 samples relative to Region 9 PRGs
and NJDEP Soil Cleanup criteria are presented in Table 6.

Total arsenic results for samples of the black/brown slag-rich fills ranged from 16.2 to 988
mg/kg. Arsenic levels were higher at shallower depths in 2 of the 4 locations where more
than one depth interval of black/brown slag-rich fill was sampled. Total arsenic results
from all 9 samples analyzed exceeded the USEPA Region 9 residential and industrial clean
up criteria of 0.39 and 1.6 mg/kg, respectively. Eight of the 9 samples exceeded the NJDEP
residential and non-residential direct contact Soil Cleanup Criteria of 20 mg/kg.

Total lead results for soils ranged from 30.5 to 12,200 mg/kg. Total lead levels were higher
at shallower depths in 3 of the 4 boring locations where more than one depth interval of the
black/brown slag-rich fill was sampled. Two of the 9 samples exceeded the NJDEP
residential Soil Cleanup Criteria of 400 mg/kg and the USEPA Region 9 residential Soil
Cleanup Criteria of 400 mg/kg. Those same 2 samples also exceeded the NJDEP non-
residential direct Soil Cleanup Criteria of 600 mg/ kg and the USEPA Region 9 industrial
Soil Cleanup Criteria of 800 mg/kg.

Total iron results for soils ranged from 10,200 to 83,900 mg/kg. Three of the 9 samples
exceeded the USEPA Region 9 residential Soil Cleanup Criteria of 24,000 mg/kg. None of
the samples exceeded the USEPA Region 9 industrial Soil Cleanup Criteria of 100,000
mg/kg. The NJDEP has not developed soil clean-up criteria for iron.

Antimony and copper results for the 9 samples of the brown/black fill ranged from non-
detect to 16 mg/kg and 25 to 657 mg/ kg, respectively. Concentrations of antimony were at
or slightly above the NJDEP residential Soil Cleanup Criteria (14 mg/kg) in two samples
collected from SB-29. Copper concentrations were above the NJDEP residential and
industrial Soil Cleanup Criteria (both 600 mg/kg) in only one sample collected from SB-29.
No soil analytical results for copper or antimony were above the USEPA Region 9
residential or industrial Soil Cleanup Criteria.

Samples of the unsaturated intervals of the brown/black fill containing slag were collected
at SB-28, SB-30, SB-31 and SB-34C for SPLP analysis. Analytical results for the leachate of
these soils indicated detectable concentrations of the following constituents above the lower
of the NJDEP Class I Groundwater Quality Criteria (GWQC) and the USEPA Region 9
Drinking Water PRGs for the following metals. .

e aluminum
* antimony
e arsenic

e iron

e lead
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Of these metals aluminum and arsenic were the two constituents with the highest measured
concentrations. Concentrations of arsenic were above both the NJDEP GWQC (3 pg/1) and
the USEPA Region 9 tap Water PRG (0.045 pg/1) in all but one of the samples, and ranged
between non-detect at SB-31 and 1,200.pg/1 at SB-34C. Similarly, aluminum was detected in
the leachate from the same 3 samples above the NJDEP GWQC (200 pg/1) at concentrations
ranging from 860 at SB-34C to 1,700 pg/1 at SB-28. Antimony was detected in one sample
(SB-31-1.1) above the NJDEP GWQC (6 pg/1) and the USEPA Region 9 Tap Water PRG (14.6
ng/1) at concentrations of 26 ng/1. Iron and lead were detected in the leachate from the
sample collected at SB-30 and exceeded the NJDEP GWQC (iron 300 pg/1, lead 5 ug/1) in
this sample at concentrations of 720 and 7 pg/1, respechvely

SPLP data will be evaluated and discussed further in context of the soil data dlscussed
herein as part of the fate and transport section of the RI Report.

Reddish-Purple Soils

A total of 8 samples were collected from 3 locations as part of the Work Plan within the
lateral extents of where intervals of reddish-purple soils have previously been documented
as part of RT activities and investigative work performed at adjacent properties. This group
of samples represents those collected from the northwest portion of the Quanta property
where the presence of reddish-purple soils was observed both during this event and during
previous sampling events. These samples were also collected in areas where historical maps
indicate the former acid plant once existed and where, according to these maps, pyrite ore
was stored and roasted. Of these 8 samples, 5 (SB-36-1.7, SB-36-4.2, and SB-37-4.5, SB-38-2.5,
and SB-38-5.4) were documented to have been collected directly from discrete intervals of
reddish-purple or dusky red discolored soils. Three additional samples (SB-36-1.0, SB-36-
6.3, and SB-38-9.5) were collected from intervals of brown/black fill immediately above or
below the sampled reddish-purple soil intervals and showed some similar mineralogical
characteristics associated with the adjacent reddish-purple soils. These 2 subsets of samples
have been evaluated separately but are dlscussed in context of each other in the followmg
paragraphs.

Results from the majority of samples collected in this area indicated consistently elevated
levels of antimony, arsenic, copper, iron, lead, and thallium. The 5 samples collected
directly from intervals of reddish-purple soils showed one or more exceedances of the
lowest of the industrial and residential USEPA Region 9 PRGs and NJDEP Soil Cleanup
Criteria for antimony, arsenic, barium, copper, iron, lead, and thallium. The 3 samples
collected above or below these intervals had one or more exceedance of the lower of these
criteria for the same metals with the exception of barium. Zinc was also detected above the
NJDEP residential and industrial Soil Cleanup Criteria in one sample collected below the
reddish-purple soils at SB-38. Table 6 presents the minimum, maximum, and geometric
mean concentrations of metals relative to Region 9 PRGs and NJDEP Soil Cleanup criteria
for these two data sets in addition to these values for the samples of brown/black slag-rich
discussed above.

Arsenic concentrations in the 5 samples of reddish-purple soils were all above the industrial
and residential NJDEP Soil Cleanup Criteria and USEPA PRGs and ranged from 648 to 5,870
mg/kg. Although concentrations of arsenic in the 3 samples collected in non-reddish-

1
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purple soils adjacent to these impacts were lower they were also above all NJDEP and
USEPA soil cleanup criteria with concentrations ranging between 83 and 947 mg/kg.

- Total lead results for the reddish-purple soils ranged from 2,640 to 9,640 mg/kg with
generally lower concentrations in adjacent soils that ranged from 115 to 11,400 mg/kg. With
the exception of one sample (SB-38-9.5), all samples collected within or adjacent to intervals
of reddish-purple soils exceeded the NJDEP residential direct Soil Cleanup Criteria and the
USEPA Regjion 9 residential PRG for lead (both 400 mg/kg) as well as the NJDEP non-
residential Direct Soil Cleanup Criteria (600 mg/kg) and the USEPA Region 9 Indusmal

© PRG (800 mg/kg) for this metal.

Iron results ranged from 81,100 to 294,000 mg/ kg for reddish-purple soil samples with
generally lower concentrations (ranging from 23,100 to 47,400 mg/kg) in adjacent non-
reddish-purple intervals. Seven of the 8 samples collected within or adjacent to intervals of
reddish-purple soils exceeded the USEPA Region 9 Residential PRG for iron of 24,000
mg/kg. Four samples from within reddish-purple intervals also exceeded the USEPA
Region 9 Industrial PRG of 100,000 mg/kg.

Antimony results were generally consistent between samples collected both within and
adjacent to reddish-purple soil intervals with concentrations ranging from non-detect to 229
mg/kg. Seven of these 8 samples exceeded the USEPA Region 9 residential PRG for
antimony (14 mg/kg). Concentrations of antimony in all 8 samples were below NJDEP and
USEPA Region 9 PRG industrial Soil Criteria of 340 mg/kg and 410 mg/kg, respectively.

Barium results ranged from 322 to 1,150 mg/ kg for reddish-purple soil samples and from 95
to 383 mg/ kg for the adjacent interval samples. Exceedances of NJDEP residential Soil
Cleanup Criteria for barium (700 mg/kg) were observed in 3 samples of the reddish-purple
soil intervals. None of the samples had results for barium that exceeded the NJDEP
industrial Soil Criteria (47,000 mg/kg) or USEPA Region 9 PRGs for re31dent1al (5,400
mg/kg) and industrial (67,000 mg/kg).

Thallium and zinc concentrations exceeded the NJDEP residential and industrial Soil
Cleanup Criteria (both residential and industrial criteria are 2 mg/kg and 1,500 mg/kg for
thallium and zinc, respectively) in one sample each. Thallium was detected in the reddish-
purple soil interval at SB-36 at a concentration of 49 mg/kg. Zinc was detected below the
reddish-purple soils in fill deposits above the native meadow mat at SB-38 ata
concentration of 19,200 mg/kg. The zinc result for this sample was below the USEPA
Region 9 PRGs for residential (24,000 mg/kg) and industrial (100,000 mg/kg) settings.

Samples of the unsaturated intervals of reddish-purple soils were collected at SB-36 and SB-
38 for SPLP analysis. Analytical results for the leachate of these soils collected indicated
detectable concentrations of the following constituents above the lower of the NJDEP
GWQC and the USEPA Region 9 Tap Water PRGs for the following metals.

¢ antimony

e arsenic

e cadmium

e iron

e lead

* manganese
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» nickel

e Of these metals iron and lead were the two constituents with the highest measured
values ranging in concentrations between 72 and 2,000 pg/1 and 710 and 2,200 pg/],
respectively. The highest concentrations of both these metals were detected in the
leachate from sample SB-36-1.7. Concentrations of arsenic were above the NJDEP
GWQC (3 pg/1) and the USEPA Region 9 Tap Water PRG (0.045 ng/1) and ranged
between 96 pg/1(SB-38-2.5) and 140 ug/1 (SB-36-1.7). Antimony was detected in both
samples above the NJDEP GWQC (6 ng/1) and the USEPA Region 9 Tap Water PRG
(14.6 ng/1) at concentrations as high as 64 pg/1. Cadmium, and manganese exceeded the -
NJDEP GWQC (cadmium 4 pg/], manganese 18.2 pug/1) at concentrations as high as 140
and 88 pg/1, respectively. Cadmium and manganese did not exceed the Region 9 Tap
Water PRGs. Nickel was only detected above the NJDEP GWQC (100 pg/1) in the
leachate from sample SB-36-1.7 at a concentration of 160 pg/1. This concentration did not
exceed the USEPA Region 9 Tap Water PRG for nickel of 730 pg/1.

SPLP data will be evaluated and discussed further in context of the soil data discussed
herein as part of the fate and transport section of the RI.

Shoreline Slag Sample

The sample of the black glassy-slag found along the cut-bank of the northern shoreline at
the former Lever Brothers property (SLG-01) was analyzed for TAL metals and for TAL
metals using the SPLP method. Results of these analyses showed only arsenic was above the
NJDEP Soil Screening Criteria and USEPA Region 9 PRGs for both residential and industrial
settings. The concentration of arsenic in the slag sample was 39.5 mg/kg. All other metals as
tested for in this inl this sample were below NJDEP and USEPA soil criteria.

The analysis of the:leachate from this sample using SPLP had detectable concentrations of
aluminum, iron, and lead above the applicable NJDEP GWQC. Specifically aluminum was
detected above the NJDEP GWQC (200 ng/1) in the leachate from this sample ata
concentration of 960 pg/1. Iron was detected above the NJDEP GWQC (300 pg/1) at a
concentration of 1,700 ug/1. Lead was detected above the NJDEP GWQC (5 ug/1) ata
concentration of 17 pug/1.

Groundwater Grab Samples

Groundwater grab samples were collected from temporary wells at a total of 5 locations
~ throughout the Block 93 North property (TWP-SB-28, TWP-SB-29, TWP-SB-30, TWP-SB-31
and TWP-5B-32). With the exception of TWP-5B-32 each groundwater grab location was
collocated with a boring of a similar name (e.g. TWP-SB-38 and SB-28) where a minimum of
2 soil samples were collected (results discussed above). All groundwater grab samples were
collected outside those areas where visual observations and mineralogical analyses o
indicated no evidence of reddish-purple soils. Temporary wells were installed within.or
adjacent to intervals of brown/black slag-rich fill. A summary of the groundwater analytical
results are provided in Table. Arsenic results for groundwater are plotted on a Site map as
Figure 3.

Concentrations of arsenic in groundwater samples collected from the temporary monitoring
wells at Block 93 North ranged between 49.4 ug/1 at TWP-SB-31 and 39,400 at TWP- SB-28.
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In general, the results for field-filtered and non-field-filtered samples from the same well
points were equal; indicating the majority of arsenic in these samples was dissolved (able to
pass through a 0.45 micron mesh filter). Concentrations in all samples were above the
NJDEP GWQC (3 pg/l)-and the USEPA Region 9 Tap Water criteria (0.045 pg/1) for arsenic.
Results for the sample collected at TWP-SB-28 were consistent with the four samples
collected from monitoring wells immediately adjacent to this groundwater grab location
(MW-111A and MW-111B) during RI activities. Data indicate that arsenic concentrations in
groundwater decline significantly toward the south and east of TWP-5B-28. However,
directly to the east of TWP-SB-28 arsenic concentrations remained elevated in the samples
collected from TWP-SB-32 (4,250 pg/1 in the field-filtered sample and 4,450 nug/1 in the non-
field-filtered sample).

These data will be evaluated and discussed further in context of the soil data discussed
herein as part of the fate and transport section of the R

Comparison of Brown/Black Slag-Rich Fill to Reddish-Purple
Soils

" Visual

In general visual observations and descriptions of the reddish-purple soils and brown/black
fills were consistent with prior observations and descriptions generated during RI activities
and presented in the Summary of the OU1 Supplemental Investigation Metals Soil Sampling
and Evaluation of Cinder/ Ash and Pyrite-Impacted Soils (CH2M HILL, 2007b). However,
more accurate and refined visual descriptions of the materials comprising both these
different soils have been developed as a result of this most recent sampling event which
required a more detailed inspection of soil samples as part of the sample selection process.

The following list presents the visual observations that define the differences between these
two soil types and notes how observations made during this most recent sampling event
have further refined the understanding of the occurrence of these materials and their visual:
characteristics:

e Brown/black fill is more heterogeneous (consistent with previous observations);

e Brown/black fill contains an abundance of glassy slag. Although generally in lesser
amounts, slag was also observed in select intervals of reddish-purple soil;

e Cinders and ash were not present in either the brown/black fill or the reddish-purple
soils; :

¢ Brown/black fill is sometimes found in the presence of trace amounts of brick and coal;
and ,

e Reddish-purple soil intervals are found exclusively within the footprint of the former
acid plant; and

o Brown/black fill was also found within the footprint of the former acid plant above and
below intervals of reddish-purple soils.

14
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Mineralogical

Results of the XRD and Thin Section Petrographic analyses show .a distinct mineralogical
difference between the brown/black fill and the soils within the footprint of the former acid
plant, specifically those that are reddlsh—purple in color. The presence of pyrite and jarosite
indicate that the reddish-purple soils include unburned or partially burned pyrite that is.
continuing to oxidize. Exposure of pyrite ore to rain and moisture would results in the
oxidation of this material and ultimately produces reddish iron oxide minerals and elevated
concentrations of iron and the ore’s metal impurities such as arsenic, lead, copper,
antimony, and thallium. The oxidation reaction of pyrite (FeS;) can be generally expressed
as follows:

FeS, + 15/40; + 7/2H20 — Fe(OH)s + 250, + 4H*

In the presence of molecular oxygen (O.) that can be present in the form of rain water the
Fe(II) and S(-II) present as pyrite are oxidized by the O resulting in ferrihydrite (Fe[OH]z)
dissolved sulfate(S[VI]) and hydrogen ions (H+). This reaction results in a strong ac1d1c
solution that releases impurities within the pyrite such as arsenic.

As the oxidation of pyrite occurs jarosite forms and conditions become acidic as a result of
the oxidation of pyrite and dissolution of jarosite. In the presence of a source of calcium
(calcite, dolomite, or plagioclase feldspar) some of the sulfate from the further oxidation of
pyrite and dissolution of jarosite precipitates gypsum. In other words, both the oxidation of
pyrite and dissolution of jarosite produces sulfuric acid that reacts with adjacent minerals
forming secondary minerals. They both produce dissolved sulfate and even sulfur under
highly oxidizing conditions. Iron from both minerals eventually forms the red/purple iron
oxide mineral hematite. In the vicinity of the reddish-purple soils groundwater has
consistently been acidi¢ (pH between 4 and 6). The acidic groundwater as well as the
presence of pyrite, jarosite, and gypsum as intergranular cements within these soils suggests
that pyrite oxidation is continuously occurring in the area of these reddish-purple colored
soils. This is best illustrated at location SB-36 where the XRD results from the unsaturated
“very dusky red’ soils (SB-36-1.7) show that the soils are comprised of 15 percent pyrite.
These high levels of pyrite as well as the presence of 14 percent sulfur, only 2 percent
hematite and no jarosite suggest the presence of a raw or only partially burned ore. Within
the saturated zone at the same location (SB-36-4.2) pyrite comprises only one percent of the
sample as jarosite (31%) and hematite (23%) have formed as a result of the active oxidation
of and overlying upgradient source of pyrite. Still deeper in sample SB-36-6.3 the reddish
color of the soils grades to black and in the presence of the glassy slag-rich black fill muilite

and amorphous glass dominate the composition with jarosite and gypsum comprising only
4 percent.

Previously it was hypothesized that the deposition of roasted pyrite fines (e g. bag-house
dust) during the acid plant operations may be one reason for the presence of the fine-
grained reddish-purple soils (CH2M HILL, 2007b). However, the proximity of these
potential wastes relative to the water table was not congruent with the fact that the'
groundsurface in the vicinity of these operations would have had to have been filled in
above the water table prior to construction and operation of the former acid plant, thus
these materials could not have been placed beneath the water table within the central area of
operations. The oxidation of pyrite as rainwater infiltrates through the ore explains why
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these reddish-purple soils are seen at and below the water table and explains why the pyrite
and jarosite are significant components of the intergranular cements. The depiction of pyrite
storage areas in the 1911 and 1930 Sanborn® Fire Insurance Maps as well as the 1958
Insurance Map of the General Chemical Plant directly in the area of these borings supports
the assertion that these reddish-purple soils are not cinders, slag or ashes resulting from the
roasting of pyrite but are instead the result of the oxidation of the raw pyrite ore that was
once stored here and that may still be present as a thin horizon that remains directly above
the water table. The stratigraphic record of soils in this area also confirms that filling
occurred prior to acid plant operations as the ubiquitous, black, slag-rich fills, with brick
and coal are found beneath the reddish-purple soils directly above the native meadow mat
deposits.

Mineralogical signatures indicating the presence of pyrite and byproducts of the pyrite

“oxidation process were found exclusively in the northwest corner of the Quanta property
(SB-36, SB-37, and SB-38). Elsewhere, including Block 93 North (SB-28 through SB-31), and
the former Lever Brothers property both in the vicinity of MW-107 monitoring well series
(SB-34C) and the slag within the fill along the northern shoreline (SLG-01) the mineralogy is
defined by the presence of glass and mullite-rich slag with hematite as a the primary
intergranular cement.

Chemical

In order to evaluate whether there is a qualitative difference between these two materials
with respect to their chemical composition, a review was performed of the available
analytical data for those locations where boring logs have mentioned the presence of ash,
cinders, or reddish-purple soils. This evaluation was originally prepared and submitted to
the Agencies as part of the Summary of the OU1 Supplemental Investigation Metals Soil
Sampling and Evaluation of Cinder/ Ash and Pyrite-Impacted Soils (CH2M HILL, 2007b).
This evaluation has been updated with the results from the June 2007 drilling and soil
sampling event. An updated summary of all soil borings where these conditions were -
observed and a summary of the soil sampling performed is provided in Table 7.

To/ date, brown/black fills have been observed at a total of 118 locations across the five
properties surrounding the Quanta property. A total of 70 samples of this material (not
including those found within areas of reddish-purple soils) have been analyzed for metals.
Reddish-purple soils have been found exclusively within the footprint of the former acid
plant at a total of 17 locations in the southwestern portion of the former Celotex property
and the northwestern portion of the Quanta property. A total of 12 samples of these
materials have been collected for the analysis of metals as part of RI activities as wellas -
sampling performed by other consultants at adjacent properties. The range of, and
geometric mean concentrations for these two data sets are shown for each of these soil types
in Table 8.

In general, observations and analytical data collected during this investigation were
consistent with the existing data set collected during Rl activities and presented in the
Summary of the OU1 Supplemental Investigation Metals Soil Sampling and Evaluation of
Cinder/ Ash and Pyrite-Impacted Soils (CH2M HILL, 2007b). Comparison graphs showing
the high, low and geometric mean concentrations of select metals concentrations in reddish-
purple soils and brown/black fills reported to contain slag, cinder, ash or coal found outside
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the historically mapped footprint of the former acid plant collected prior to the June 2007
and those collected during the most recent sampling event are included in Appendix D as
Figures D-1 through D-5. These graphs show that concentrations of key metals (antimony,
arsenic, copper, iron, and lead) in brown/black fills and the reddish-purple soils were
consistent with existing data sets for each of these different soils. In some cases the’
brown/black fill samples showed slightly higher concentrations than what had previously
been observed. This is likely a result of the fact that during this sampling event sampled
intervals were specifically selected to exclude soils that did not contain the materials
thought to be the cause of these elevated metals (e.g. slag), thus these sample results were
likely biased high relative to the existing data set where sample selection had often focused
on quantifying other impacts such as coal tar.

Consistent with previous sampling results geometric mean concentrations of antimony,
arsenic, barium, copper, iron, lead, and thallium for the 5 samples collected within the
reddish-purple soil intervals were at least one order of magnitude greater than the
geometric mean concentrations for the other 9 samples that were collected from
brown/black fill deposits outside the historically mapped footprint of the former acid plant
as part of this work (see Tables 6 and 8). Additionally, the geometric mean concentrations
of these metals, were all above the lowest of the industrial and residential NJDEP Soil
Cleanup Criteria and USEPA Region 9 PRGs. This was not the case for the samples collected
from the black/brown fills collected outside the area of reddish-purple soils. Concentrations
of these metals were significantly lower and although antimony, arsenic, copper, iron and
lead exceeded the-owest soil screening criterion in select samples, only the geometric mean
concentration of arsenic in these samples was in excess of the industrial and residential
NJDEP Soil Cleanup Criteria and USEPA Region 9 PRGs.

These results again conﬁrm that the pyrite oxidation-impacted soils have distinctly elevated
concentrations of the metals mentioned above, that distinguish them from the other slag-
rich brown/ black fill deposits across the 5 properties. It should also be noted that the
geometric mean and range of concentrations in brown/black fill containing slag are
consistent with the minimum, maximum concentrations published in the NJDEP Historic
Fill Database [Appendix D of the N.J.A.C 7:26E (Technical Requirements for Site
Remediation; New Jersey Administrative Code, 2005)]. Conversely, the maximum and
geometric mean concentrations of arsenic in pyrite oxidation-impacted soil samples are
5,870 mg/kg and 1,385 mg/kg, respectively, and are well above the maximum and average
concentrations reported in the NJDEP Historic Fill Database for this constituent. This is also
the case for lead where'the maximum and geometric mean concentrations in pyrite
oxidation-impacted soil samples are 38,800 mg/kg and 3,020 mg/kg, respectively, and the
maximum and average concentrations in the NJDEP Historic Fill Database are 10,700
mg/kg and 574 mg/kg, respectively.

A detailed statistical evaluation of the differences between concentrations of the reddish-
purple soils and those detected in the brown/ black slag-rich fills was conducted for the five
properties as part of the Summary of the OU1 Supplemental Investigation Metals Soil.
Sampling and Evaluation of Cinder/ Ash and Pyrite-Impacted Soils (CH2M HILL, 2007b).
Specifically, the differences in mean concentrations between the two groups were evaluated
statistically using means tests (parametric or non-parametric). The decision to use a
parametric or non-parametric test was made by checking for normality using a Shapiro-
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Wilks test and homogeneity of variance (F-value). If both datasets were normal and had
homogenbus variances, then a parametric test (simple t-test) was performed. Otherwise, a
non-parametric Mann-Whitney U test was performed. Data were log transformed to achieve
normality, if possible. For the purpose of these calculation non-detects were assumed to be
one-half the detection limit. '

Results from this evaluation confirmed that there is a distinct statistical difference between
the reddish-purple soils and all back/brown slag-rich fills with respect to certain metals
including antimony, arsenic, copper, iron, lead and thallium. Due to the obvious similarities
in data sets (see Appendix D) this evaluation was not updated as part of this report. The
results of these statistical evaluations are included again herein as Table 8.

Summary and Conclusions

e Consistent with earlier data reported and discussed in the Summary of the OU1
Supplemental Investigation Metals Soil Sampling and Evaluation of Cinder/ Ash and
Pyrite Impacted Soils Technical Memorandum (CH2M HILL, 2007b) visual observations
and chemical analysis both indicate that there are distinct differences between the
reddish-purple soils and the brown/black slag-rich fill. Observations and chemical data
from this most recent event provide strong confirmation of these differences. In
addition, the results of mineralogical analyses (XRD and Thin Section Petrography) not
previously performed on soil samples from the Site indicated the presence of pyrite and
pyrite oxidation-related minerals (e.g. jarosite, gypsum and hematite) within and
adjacent to the reddish-purple soils that were not seen anywhere outside the footprint of
the former acid plant. These distinct mineralogical differences provide an additional
line-of-evidence that the reddish-purple soils are distinctly different than the ubiquitous
black-brown slag-rich fills that dominate the shallow subsurface across all the properties
in the vicinity of the Site. Recent data indicate that the horizons of reddish-purple soils
within the footprint of the former acid plant are the result of the ongoing oxidation of
unburned or partially burned pyrite ore that likely remains present directly above the
water table as a thin horizon that comprises the top portion of the observed reddish-
purple soil intervals. The extent of the pyrite oxidation impacts in soil have been defined
and previously presented to the Agencies. A map showing the extent of these impacts is
included herein as Figure 4. ' ‘

o Fill observed across all properties including along the eroding shoreline in the northern
portion of the former Lever Brothers property was shown during this event to be
comprised of significant quantities of black, glassy, iron-rich.slag that extended to the
top of native deposits. This material did not have evidence of ongoing pyrite oxidation
both in its color or mineralogy. The proximity of this material directly above the native
marsh deposits confirms that it was introduced prior to the development of industry in
this area (including the former acid plant) and that it likely extends throughout
significant portions of this area of Edgewater, New Jersey. Furthermore, observations,
data, and history of the area as presented herein as well as in the OU1 Supplemental
Investigation Metals Soil Sampling and Evaluation of Cinder/Ash and Pyrite Impacted
Soils Technical Memorandum (CH2M HILL, 2007b) support the prior assertion that the
brown/ black slag-rich fills are not a result of historical operations related to the Site but
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are Historic Fill as defined by N.J.A.C 7:26-1.8E. Consistent with these data the NJDEP
Land Use Management Division and the New Jersey Geologic Survey have also mapped
the Site and surrounding areas as Historic Fill as part of the requirements set forth in the
“Brownfield and Contaminated Site Remediation Act” (N.J.S.A 58:10B-1 et seq.)
(NJDEP,2004). Pursuant to N.J.A.C 7:26-4.6(b)2i the NJDEP’s mapping of Historic Fill is
provided in Figure 5 to demonstrate the ubiquity of Historic Fill within the area.

» Soil sampling results indicate that although these ubiquitous slag-rich fills contain lower
levels of arsenic and other metals than soils affected by pyrite oxidation, they do contain
concentrations of these metals above the NJDEP Soil Cleanup Criteria and UESPA
Region 9 PRGs. The concentrations or arsenic measured within the Historic Fill at the
Site fall within the minimum and maximum concentrations published in the NJDEP
Historic Fill Database [Appendix D of the N.J.A.C 7:26E (Technical Requirements for Site
Remediation; New ]ersey‘/Administrative Code, 2005)]. In accordance with Section
4.6(b)2iii of the New Jersey Technical Requirements for Site Remediation Historic Fills
do not require examination beyond the extents of Site. Considering that the only source
of arsenic outside the defin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>